LIFE CY¥CLE COST ANATLYSIS FOR NEW BUILDINGS OR ADDITIONS
FCRWARD

This document presents standards, guidelines and evaluation formats for
implarentation of the requirements of CGS Section 16a-38, regulations concerning
energy use in State buildings. It supersedes two previous documents titled:
"Energy Systams Life Cycle Cost Analysis for Building Project Fumded By The
State of Comecticut" which took effect on Jamary 1, 1986; and "Energy
Performance Goals For New and Existing State-Owner and Leased Buildings®, which
took effect on Jamuary 1, 1986.

An inportant consideration for design professicnals is that they explore fully
all reascnable viable alternate designs which might contribute to energy

conservation.
REFERENCES

While the intention of these quidelines is to give as much flexibility as
possible to the person preparing the analysis, certain codes and standards must
be consulted. Scme of these are:

1. lLatest edition of the State of Comecticut Building Code.
2. ASHRAE/IES Standard 90.1-1989 W/User’s Guide
3. Life Cyrle Cost Manual For the Federal Energy Management Program-NBS
Handbook 135
SOBMISSTON OF LIFE CYCLE COST ANALYSIS

Department of Public Works' Projects shall have all required LOCA sulmittals
through the appropriate DPW Agency Team Menber, The DPW Team will tranamit the
original copy of the Life Cycle Cost Analysis (once approved by DPW Engineering)
to the Director of Energy, Office of Policy and Management for their approval.

All State Funded projects such as, Schools, shall sulmit all necessary forms to
the Department of Public Works, Engineering 165 Capitol Awverme, Hartford, CT
06106, Room 460 Attn. Chief Engineer, with a complete copy to the Director of
Fnergy, Office of Policy and Management, 80 Washington Street, Hartford, CT
06106.

A Life Cycle Cost Analysis (LCCA) Determination Form (Qesigrnrev 195) shall be
sdmitted within 30 days after the scope meeting with the Agency or Town
Ruilding Carmittee. This form shall be reviewed by the Department of Public
Works and shall inform the A/E whether a Life Cycle is required or not. The
form is located in the A/E Marwal Chapter 2 Page 18, and the back of this
document.

If a LCCA is required, 3 copies shall be sulmitted in separate bound package
along with Schematic Design documents. DPW shall review the documents for the
intent to select the appropriate systems for the building by corparing 3
corventional systems based on Life Cyrle Cost, initial Capitol Costs, Fuel
Usage, Fuel Costs, Operating and Maintenance Costs. All systems being compared
shall adhere to the Energy Standards adopted by the State of Cormecticut.

The Director of Energy of the Office of Policy and Management (OPM) will review
the documents for campliancy with the ORM/State Energy Policy and passive solar.
OPM will be required to notify DPW in writing with approval, disapproval or
coments in 30 days.

INUIRTES

Questions regarding the preparaticn of a Life Cycle Cost Analysis may be
directed to the Chief Engineer, Department of Public Works, Design and Review at
{860) 566-5044.
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LIFE CYCLE COST ANALYSIS FOR NEW BUILDINGS CR ADDITIONS

DISQUSSION

The purpose of this document is to ensure the projects conpliance with the
State’s energy policies regarding both Energy Performance Standards and Life
Cycle Cost Bnalysis. The LCCA requires written approval from the Department
of Public Works and the Office of Policy and Management, Energy Division.

An additional goal is to provide specific design phase and construction
phase energy related data ¢n the plans to improve conmmnication among
various Design Team Mambers.

The objectives of this process are to ensure that:

1.

2.

The passive solar aspects of the building’s sitting, glazing and
ervvelope have been evaluated to meximize passive solar benefits.

The Life Cycle Cost Analysis evaluates appropriate systems for the
building design considering the program requirements and how the
equipment will be best utilized to reduce and simplify maintainance.
Energy management control systems will be used where appropriate.

Thigs facility’s energy systems must also consider the adjacent State
facilities. How does this building’s energy consumption and billing
rates relate to other facilities on this State campus? Does/should the
campus have primary metering? Is there a central boiler/chiller plant?
Should there be appropriate mechaniams for load shedding or
co~genexration.

The cbjective is to build a non-experimental, but modern energy
conscious and envirormentally appropriate building that minimizes to the
extent practical the energy consumption ard utility costs over the
expected life of the building and its mechanical systems.

The process requires a team effort between the owner, the architect,” and
the mechanical and electrical engineers with proper discussion and
evaluation of altermatives irwolving both the Agency’s and DPW's staff.

The design goals and as constructed energy performance for the building
will be confirmed within this ICCA document and will be presented on the
mechanical and/or electrical drawings within the contract documents.

The information will be updated as part of the "as-built" preparation
and be available as part of the reccord drawings for the future.
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LTFE CYCLE (QOST ANALYSIS FOR NEW BUILDINGS CR ADDITIONS

PASSIVE SOFAR DESTGN NARRATTVE

The 1993 Legislation requires the maximum practical use of passive solar.
All design professionals have been exposed to these issues. There is an
obligation to include passive solar where reasonable or practical. We
accept that some projects are predetermined by the program or the Client
Agency on issues of siting, size, shape,p mumber of stories, material, etc.
This may conflict with passive solar design chjectives. These issues must
be addressed by the designer in his evaluation.

The Schematic Sukbmission shall include a narrative statement by the
Architect {(or Engineer) that explains this project’s cpportumities for
passive solar design and summarizes his considerations and provide a
written summary as to what passive solar systems, if any, will be
incorporated.

The narrative will address such issues as Exterior glazing, the buildings
orientation, natural lighting, landscapiryy, solar hot water gystems and any
other appropriate measures.
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LIFE CYCLE QOST ANALYSIS FOR NEW BUILDINGS OR ADDITIONS

STATE OF QOMRNECTTICUT
Department of Public Works
165 Capitol Averme
Hartford, CT 06106

Date Prepared
Date DPW Received

A. Project Data

Nae
Location
Project No.
State Agency
Agency Representative
Phone Number
Prepared By

Fhone Number

DPW Team Member

~] a kW

B. Building Category - Indicate new construction or renovation, with sguare
footages.

New Constructicn ft2

Renovation ft2

Check ane of the following:
1. School (State Owned) ()
2. School (State Funded) ( )
3. State Owned Building ( )
4. Other - (Specify) ()
C. Occupancy
Specify Occupancy Class per 1990 BOCA or NFPA 101

-

*Note: Life Cycle Cost Analysis is required to be sulmitted along with
Schematic Design Documents masq:azatepackage Do not
incorporate into specificatioms.
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LIFE CYCLE COST ANALYSIS FOR NEW BUILDINGS OR AULDTTIONS
D. Agency Program Requirements

Provide the following:
1. A detailed description of the Scope of Work approved by the Agency.

2. All drawings ard narrative requirements shall carply with the “Checklist
for Schematic Design" listed in the DPW A/E Procedures Magmual.

E. Energy Goals - Energy Goals shall be based on ASHRAE Standard 90.1-1989.
Refer to ASHRAE 90.1 1989 User Guide for Guidarxe. Show which
campliance path was chosen. Provide data proving it satisfies the
criteria for each section. Camply with all Basic Requirements.

1. Campliance Method Chosen

2. Building envelope - shall be in accordance with ASHRAE 90.1 1989 Chapter
8 or 13 dependant on the campliance path chosen.

a. Building Fnvelope
Gross Wall Area (or areas by orientation):

Fenestration Area (or areas by orientation):
Wall Area Below Grade:

Roof Area:

Area of Skylights:

Area Over Unheated Spaces:

Fenestration Shading Devices:

Opaque Wall Heat Capacity:

Iocation of Insulation in Opague Wall:
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LTFE CYCLE QOST ANALYSIS FOR NEW BUTTDINGS (R ADDITIONS
Carpliance Final Actual
b. Description Requirement Design Installation .

{For:

As— Builts)
Air Ieakage Requuirements
Lighting Power Density
Equipment Power Density
Occupant Load Adjustment

Projection Factor

Percent Fenestration

Penestration Shading
Coefficient

*U" of Fenestration

U" of Glazing

Daylighting Controls
Required (Perimeter, Skylights)

"U" of Opague Wall

"U" of Roof

'U* of Wall Adjacent to
Unconditioned Space

*U* of Floor Over
Unconditioned Space

"R" Wall Below Grade

"R" Unheated Slabs/Length / / /

c. Carpliance Method Chosen Pass Fail

d. Has passive Solar been maximized for this building’s design and
program reguirements Yes ______No
e. Describe how this building design maximizes passive Solar
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LIFE CYCLE COST ANALYSIS FCR NEW BUTLDINGS CR ADDITICNS

f. If the passive Solar design exceeds ASHRAE 90.1 requirements provide
the following on a separate page:

1. Capital Costs of implementirng the Solar reguirements.

2. Net energy savings from winter heat gain versus summer cooling
gain.
3. Axiliary Systems and Eouipment
as required per project
Campliance Final Actual
a. Description Requirement Design Installation
{For
As Builts)
Transportation Systems

Freeze Protection System

Retail Food/Restaurant
Refrigeration

b. Campliance Method Chosen Pass Fail

4. Lighting Ioads - shall camply with Chapter 6 of ASHRAE 90.1.

a. Exterior Lighting
Designed Levels of Illumination:

Campliance Final Actual
b. Description Requirement Design Installation
(For
As Builts)

I1luminated Area(s)

Unit Power Allowance(s)

Exterior Lighting Power
Allowence (ELFA)

Power

Controls

* Comected Exterior Lighting Power shall be less than or equal to ELPA
c. Interior

Designed levels of Illuminaticm:
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1LIFE CYCLE COST ANALYSIS FOR NEW BUILDINGS OR ADDTTTONS

Campliance Final Actual
d. Description Requirement Design Installation
{For
As-Builts)

Gross Lighted Area

Listed Space Area(s)

Unlisted Space Area(s)

Areqa Factor(s)

Unit Lighting Power Allowance(s)

Allowance (ILPA)

Camected Lighting Power (CLP)

Lighting Wattage Controlled

Power Adjustment Factor (s)

Lighting Power
Cantrol Credits (LPCC)

Adjusted Lighting Power (ALP)

* CLP or ALP shall be less than or equal to ILPA
Control Points
Control(s) and BEquivalent
Control Points

e. Campliance Path Chosen Pass Fail
5. HVAC - shall conply with Chapter 9 of ASHRAE 90.3-1983.

a. Provide Heating and Cooling Block load calculations based on
procedures described in ASHRAE handbook 1985 Furdamentals Volume and
the following criteria.

1. Cooling loads
2. BHeating loads
3. Lighting loads
4, FEavelope loads
5. Outdoor ventilation rates based on ASHRAE Standard 62
6. FEnergy recovery systems energy savings in BtUH
7. Pick up loads
8. Process/cther loads
8. Safety factor
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LIFE CYCLE QUST ANALYSIS FOR NFW BUILDINGS OR ADDITIONS

b. Indoor Design Corditions - In accordance with ASHRAE 1985
Fundamentals Volume

1. Sumer db wh Winter db wh

2. Set back times arxd temperatures.

3. Identify any areas which vary fram normal design conditions or
operating schedules.

¢. Outdoor Design Carditions - in accordance with ASHRAE 1985
Furndamentals Volume.

1. Sumer db iy Winter db wh
Campliance Final Actual

d. Description Requirement Desicn Installation
Duct Insulation

Pipe Insulation

Leakage Rates

System(s) Cooling Capacity
System(s) Fan Capacity
Econamizer

Fan Power Requirement (w/cfm)

Fan Power Control
Requireaments

Piping System Friction
Loss Requirements

Puping System Control Requirements

HVAC Equipment(s) Efficiency
Requirements at Full and Part ILoad / J_ _/

e. Campliance Path Chosen Pass Fail

6. Service Water Heating Ioads — shall conply with Chapter 11 of ASHRAR
90.1-1989.

a. Provide estimated load calculations in accordance with ASHRAE
Harddbook 1987 HVAC Systems and Applicators volume.

Sat Points
Controls
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LIFE CYCLE OOST ANALYSTS FOR NEW BUILDINGS CR ADDITIONS
Campliance Final Actual
b. Description Reguirement Design Installation

Equipment Efficiency

Storage Insulation

Pipe Insulaticn

Controls

Pool Covers

c. Campliarce Path Chosen Pass Fail

7. Energy Management System
Systam:

Functions:

Fquipment Controlled:
Moitoring:
Camplizmce Path Chosen Pass Fail

F. Svstem Concept Selection - Describe three conventional systems in detail
withthejrnndeofopezatimarﬂlmitnayornaymtbamefitﬂ:eprcposai
building design. Design shall adhere to ASHRAE 90.1-1989 and BOCA 1990.

1. Heating System - Solar, Electric heat pump or Electric resistant heating
will not be accepted umless authorized by the Chief Engineer of the
Department of Public Works Design and Review.

* vVentilation - Ventilation can be provided through the main HVAC system,
or could be a stard alone system.

a. Base System

b. Altermate 1

c. Altemate 2
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LIFE CYCLE QOST ANALYSIS FOR NEW BUILDINGS OR ADDITIONS

2. Air Conditioning - Window wnits, or heat pumps will not be accepted
unless authorized by the Chief Engineer of the Department of Public
Works Design and Review. One system shall be electric and at least one
shall be Natural Gas.

a. Base System

b. Altermate 1

c. Altermate 2

3. Darestic Hot Water - Conpare:

a. Centralized system with distribution piping and recirculation (if
required) with electric, gas or dual fuel.

b. Decentralized Systems - HWH serving each floor or group of toilets.
c. Point of Use - serving each/or group of fixtures.

l. Base System

2. Altermate 1

3. Altermate 2
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LIFE CYCLE COST ANALYSIS FOR NEW BUILDINGS COR ADDTITIONS

4. Lighting - One of the systems shall be part of an Energy Program either

a. Base System

b. Altermate 1

c. Altemate 2

5. Energy Conservation Fguipment. - (Air to Air HX, Dehhmidification
Desiccant systems, thermal ice storage etc.} - shall be considered on
eachprwectpmw.dadmthamttme:@lanatlmofu&yorv&lymtthls
Iuilding could use these type of systems.

G. Capitol and Construction Costs -~ Inlude cost estimates for all systems in
accordance with the apporopriate "Means Data Cost®" latest edition.

H. Amual Foergy Consumption - All ecuipment efficiencies shall be in
capliance with Chapter 5 and 10 ASHRAE 90.1-1989 or BOCA 1990.. which ever

is most stringent and shall be used in calculating fuel usage.
Provide the following:

1. Calculations showing the base systanarﬂalta:hate systam’s energy usage
based on the following:

a. Electrical Consumption broken down between lighting, motors,
heaters, etc.

b. 0il Consumption

c. Gas Consumption
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LIFE CYCLE QOST ANALYSTS FOR NEW BUTLDINGS CR ADDTTICNS

2. Utility Rates

a. FEnergy Costs based cn published rates by the Utility or existing
Agency billings. Provide Utilities rate structures.
b. Energy Sources shall include:

Gas (firm rate) per CCF

Gas (Interruptable rate) per CCF. Include rules ard
regulations for the interruptible rate.

Electric per KW

District Heating per 100 MBH

District Cooling per ton hr.

Central boiler plants for University, Hospitals, etc. shall be
utilized unless they can be proven not to be cost effective.
Costs shall be based an actual cost for producing and

transporting 100 MEH. per 100 MBH,

* Include any utility incentive programs at this time with a letter of
intent fraom the uwtility camary.

I. Amual Operating and Maintenanmce Costs

memifacturers recamendations.
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LIFE CYCLE COST ANALYSIS FOR NEW BUILDINGS OR ADDTTICNS

life cycle cost master

SUMMARY
Ventila- Air Hot
Systems Heating tion Cond. Lightirng Water
Base
System Yr. yr. yr. yIr. yr.
Useful
Life Alter.#1 yr. yr. yr vT. vI.
{yvears)
Alter.#2 yr. yr. vr Y. yr.
Base
Total System $ $ $
Initial
Capital Alter.#1 & $ $ $ $
Cost 3
Alter.#2 & s S $ $
Base
Ammual  System $ $ $ $ S
Energy
Cost § Alter.#1 & s $ $ $
Alter.#2 $ $ $ $ $
Base
Armuaal  System
Energy Con-
sumpticn Alter.#1
(BTU or KWH)
Alter. #2
Base
System $ $ $ $ $
Armmial
Operating Alter.#1 § $ $ $ $
labor &
Maintainance
Cost Alter.#2 & S $ s $
()
Total Present Base
Worth of 20 System § s $ $ $
Years
{$}
Alter.#1 $ $ $ $ $
Alter.#2 s $ $ - $
Total Base
Uniform System $ $ $ $ S
Anmaal
Costs Alter.#1 § S g s S
($)
Alter.#2 § $ $ $ $
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LIFE CYCLE COST ANALYSTS FOR NEW BUILDINGS OR ADDITIONS

LIFE CYCLE COST ANALYSIS

Type of System: Life Cycle: 20 Years
Discount Rate 10 %
Iocation:
Architect/Engineer:
Base System Alternate #1 Altermate #2
A. INITIAL CQOSTS
1. Base Cost S 5 s
2. Other Costs § 5 $
Eanples;
a. Additional construction $ S $
b. 2dditional Plurbing § s g
c. Additicnal Electrical $ s S
d. Additional Mechanical & s s
e. Natural Gas/Cil Tank
Installation S 5 S
3., Total Imitial Cost 8 S s
4. Difference 5 S S

B. ANNUAL OFERATING AND
MATNTENANCE COSTS

c.
5. Total Amrmual Fuel Operatiing
and Maintenance Cost s
6. Present Worth of QOperating and
Maintenance Costs
{Costs) {(Uhiform Present Worth 20 Years 10%)
(Costs) (8.51355) = § $ $

i. Fuel Cost S 8 $

2. Operating tabor Cost o4 S s

3. Maintenance Cost s $ S
4. Other Operating Costs

a. S S S

b. S S $

$ $ $

$ $

C. TOTAL PRESENT WORTH OF 20 YEARS
1. Initial costs 5
2. Operating and Maintenance $
3. Total Present Worth Costs §

44U
Uy

D. TOTRAL UNIFORM ANNUARL COSTS
(Total Present Worth) (Uniform Capitol Recovery 20 Years 10%)

(Total Present Worth) (0.11746) = $ $ =
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LIFE CYCLE QOST ANALYSIS FOR NEW BUILDINGS CR ADDITICNS

SOMMARY AND SIGN-OFF PAGE

The Formab and Procedures as summarized below were used to demonstrate the
design camplies with the Energy Standards, BOCA and ASHRAE 90.1-1989, as adcpted

by the State of Commecticut.

Campliance Method
Prescriptive Syst Energy
Criteria Pref. Cost

Crit. Bldg.

II. The Lighting System is in Conpliance. -

I. The maximum practicable Passive YES
Solar has been provided. .
a. Regquired Narrative Attached -

|| B

III.The Bldg. Ewelope is in Carpliance. o

IV. The HVAC System is in Campliance. o

V. The Service Water Heating is in e
Carpliance

T attest that, in my professicnal judgment, the LOCA has been prepared for this
Project in accordance with the ASHRAE 90.1 Guidelines. This certification is
based on my review of the LCCA, the design drawings and the summary caonputations
for this project.

Name of Professional Engineer (please print) Comparty
Signature Date P.E.#
Chief Engineer Director of Energy
Department of Public Works Office of Policy and Management
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DPW Project Mumber: - -
LIFE CYCLE O0OST ANALYSIS DETERMINATION FORM

STATE OF CCNNECTICOUT
Department of Public Works
165 Capitol Avermue
Hartford, CT 06106

Sulmittal Date Date DPW Received
A, PROJHECT DATA:
1. Name
2. Location
3. Project No.
4. State Agency
5. Agency Representative Phone Number
6. Architect/Engineer ]E’hcne Number
7. DPW Team Manager. Fhose Number
B. Neme and Phone # of person preparing this form
C. Building Category - Indicate new construction, additions or renovation
with square footages.
New Construction ft2 Addition ft2
Renovations £t2
Check oane of the following:
1. School (State Owned) ( ) 2. School (State
Funded) ( )
3. State Owned Building ( ) 4. Other - Leased,

D. Occupancy
Use Group or Ocaupancy Class per NFPA 101 or BOCA. .

E. Agency Proaram Requirements
Provide the following:

1. Describe scope of work in sufficient detail as approved by the Agency:

(attach separate form if not enough space to describe)

Below to be filled out only by Public Works
The Project listed above will (will mot) require a Life Cycle Cost Analysis.

Chief Engineer
ce: Eng File
Team File

FORM A/E M LCCA DETERMINATION FORM 7/16/96
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